II. Preliminaries
Definition 2.1. Let be an integer, ≥ 1, and Λ = 0, / + 2ℤ, where is an odd integer relatively prime to with 1 ≤ ≤ 2 − 1. A sequence { : ∈ ℤ} of closed subspaces of 2 (ℝ) is called a nonuniform multiresolution analysis (NUMRA) associated with Λ if the following conditions are satisfied: (2.1) ⊂ +1 for all ∈ ℤ, (2.2) ⋃ ∈ℤ is dense in 2 ℝ and = {0} ∈ℤ , (2. 3) ∈ if and only if (2 . ) ∈ +1 , (2. 4) There exists a function in 0 such that { . − : ∈ Λ} is an orthonormal basis of 0 . The function whose existence is asserted in (2.4) is called a scaling function of the given NUMRA. It is worth noting that, when = 1, one recovers from the definition above the standard definition of a onedimensional multiresolution analysis with dilation factor equal to 2. When, > 1, the dilation factor of 2 ensures that 2 Λ ⊂ 2ℤ ⊂ Λ. Equation (2.3) 
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where ℓ 1 and ℓ 2 are locally 2 , 1/2 -periodic functions.
In this case 1 , 2 , … , 2 −1 is a set of basic wavelets associated with a scaling function . It is easy to show that ℓ − : 1 ≤ ℓ ≤ 2 − 1 is an orthonormal basis of 0 . An obvious rescaling shows that
We, now, define for each integer ≥ 0 as follows. Suppose that for ≥ 0, is already defined. Then, define basic nonuniform wavelet packets +2 , 0 ≤ ≤ 2 − 1, by 2.9 +2 = 2 2 − .
∈Λ
Clearly, the set − : ∈ Λ, = 0,1, … is an orthonormal basis of 2 (ℝ). Corresponding to some orthonormal scaling function = 0 , the family of nonuniform wavelet packets defines a family of subspaces of 2 (ℝ) as follows: (2.10) = span 2 2 (2 ) − : ∈ Λ ; ∈ ℤ, = 0,1,2, … Since 0 = is the scaling function and , 1 ≤ ≤ 2 − 1, are the nonuniform wavelet packets, we observe that
So that the orthogonal decomposition +1 = ⊕ , can be written as (2.11)
A generalisation of this result for other values of = 1,2, …, can be written as
where is defined in (2.10). Using this decomposition, we get the nonuniform wavelet packets decomposition of subspaces , ≥ 0 . Therefore, for any function ∈ 2 (ℝ), we have where is a constant depending on .
III. Convergence Results
Let , = 0,1,2, … be the nonuniform wavelet packets associated with the increasing sequence of subspaces ∈ℤ , then the orthogonal projections of 2 (ℝ) onto are given by We can also consider the projections from 2 (ℝ) onto given by
There is also a natural operator, associated with a nonuniform wavelet packet given by 0 From relation (3.9), we deduce that (3.10) ≤ when 0 ≤ ≤ . On integrating by parts, we obtain
Since is decreasing, In particular, the partial sums , converge to ( ) for almost every ∈ ℝ .
Proof. Since ∎
